Objectives. Musculoskeletal ultrasonography (MSKUS) has been described by some rheumatologists as the 'stethoscope of the joint'. Such enthusiasm is supported by evidence confirming validity and clinical utility in evaluation of musculoskeletal diseases. But if rheumatologist-performed MSKUS is to emulate the impact of cardiologist-performed echocardiography, a number of educational challenges need be addressed. Evaluation of current training reveals the absence of a unified educational structure, ad hoc teaching and assessment and published data are insufficient to make practice and training recommendations specific to rheumatology. Methods. Informed by developments in adult-learning theory, we have utilized a competency-based approach to develop an educational programme for rheumatologist ultrasonographers. Fundamental to this process has been accurate functional analysis of the role of the rheumatologist ultrasonographer and precise translation of these data into educational outcomes. This involved a thorough, transparent, iterative, curriculum-defining approach, employing quantitative and qualitative research techniques including interview, questionnaire, Delphi and standard setting methodologies. All relevant stakeholders were engaged, including international US experts and clinical rheumatologists. Results. Outcomes include clarification of the role of a rheumatologist ultrasonographer; definition of appropriate knowledge and skills; establishment of competency standards; a balanced, clearly defined, clinically relevant educational outcome blueprint. Teaching and assessment approaches have been piloted as part of an accessible modular curriculum strategy. Thorough validation and evaluation confirms effectiveness, efficiency and suitability. Conclusions. A comprehensive evidence-based, expert consensus-defined educational framework is proposed that provides a template for teaching and learning and standards for competency assessment. This should facilitate common principles of training, uniform professional practice and a justifiable governance structure.
Introduction
Musculoskeletal ultrasonography (MSKUS) is considered to be one of the most important developments in rheumatology clinical practice in recent years [1] [2] [3] . MSKUS is a safe, versatile complementary 'bedside' clinical tool [4] . It not only offers the potential for the clinician to improve his or her diagnostic skills and management decisions, raising the standard of patient care [5] , but it is also helpful to the researcher allowing improved understanding of the pathophysiology of rheumatic diseases [6, 7] and as an objective measure [8] and predictor [9] of disease outcome. Therefore, acquiring the necessary skills to perform this technique would appear to have many advantages to a rheumatologist. It is consequently becoming an integral part of rheumatology practice with an expanding evidence base to support its use in a wide range of musculoskeletal conditions [10] . Rheumatologists have embraced this imaging tool and increasing numbers now enthusiastically perform MSKUS examinations as part of their routine patient care [11] .
However, despite the considerable interest within the rheumatological community and the recognition of the potential benefits to clinical practice, the future of MSKUS as a ubiquitous out-patient clinical tool used by all rheumatologists is uncertain.
There is an urgent need for clarification as to the role of the rheumatologist ultrasonographer and establishment of training requirements [12] . In particular, the development of a robust educational infrastructure is required to provide opportunities for training and to ensure standards of competency are achieved and maintained [13, 14] .
Although rheumatological MSKUS is an expanding area, the published information on training is currently limited [15] [16] [17] [18] [19] [20] . The European League Against Rheumatism (EULAR) working group for MSKUS has produced some technical guidelines [15] and recently the Royal College of Radiologists has made a series of recommendations for ultrasound training for non-radiologists [19] . Short introductory courses in MSKUS are available at a national and European level but these aim to present basic concepts and aid understanding rather than provide formal training. In certain European countries, where rheumatologist-performed MSKUS is most established, for example Germany, Italy and Spain, MSKUS is being incorporated into their rheumatology postgraduate training. Research in this area has tended to concentrate on quantification of the learning curve in terms of feasibility and time to achieve a comparable standard of image acquisition when compared with experts [16] [17] [18] . However, there are not many data regarding approaches to teaching or assessment of competency and no unified agreement regarding an educational curriculum or certification. This is reflected in a wide variation in approaches to MSKUS education taken by rheumatologists, which is confirmed in a survey of EULAR delegates [11] , which reports that most training is undertaken at a postgraduate level (87%) with attendance at a training course (46%) and informal training from an experienced colleague (51%), usually a rheumatologist or a radiologist, being the most common approaches.
Hence, at present, there is no clear training pathway or accreditation status for rheumatologists with an interest in MSKUS and consequently current education is commonly ad hoc and unregulated. However, there is a steep learning curve and whilst experts agree that specialized training is needed, there is relatively less agreement as to what constitutes adequate training or the process by which this should be achieved. Indeed, at present, there are no reliable criteria that define training requirements and, in general, insufficient data to inform the development of an educational process fit for this purpose. Assessment and quality assurance are also key requirements as competency (and hence patient safety) cannot be assured after merely participating in training and performing a minimum number of examination cases.
In an attempt to address these challenges, we have conducted a body of original research with the aim of developing an educational framework to facilitate the training of competent rheumatologist ultrasonographers. This article summarizes the sequential stages of this iterative curriculum-defining process that have informed the development of evidence-based educational outcomes and a competency-based curriculum structure. We propose that this framework should form the basis of the future education and practice of rheumatologist-performed MSKUS.
The development of an educational programme for rheumatologist performed MSKUS
The transition from novice ultrasonographer to competent and ultimately expert is a fundamental theme of this project. It is crucial to define what level of quality is represented by competence as well as accurately relating this to the role of a rheumatologist and the particular situations in which it is appropriate for them to perform a MSKUS examination. Within this structure, common or important tasks should form part of a competency 'core-set', whereas activities demanding a greater level of skill or occuring less frequently should be regarded as an extension of quality or role and be assigned accordingly. The subsequent challenge is to design an educational programme that can map such characteristics within an appropriate teaching and learning framework, including a system of assessment with the capability to accurately judge when such criteria are satisfied and a state of competence is achieved. A competencybased educational approach is proposed in order to achieve these goals. The principles of this approach involve the identification of task-specific skills, defining appropriate standards, and demonstrating satisfactory performance of such skills against the specific standard in order to be deemed competent [21] .
To this end, a rigorous, systematic methodology has been employed in order to achieve these goals with each subsequent phase building on the data from the preceding analysis. This process has involved eight iterative stages and is summarized in Fig. 1 .
Stage 1: Situational analysis
The project began with an extensive situational analysis, the purpose of which was to precisely establish what educational infrastructure was already in place. This consisted of a number of phases: review and critical appraisal of the MSKUS literature in order to elucidate the role of MSKUS in rheumatological practice; exploring developments in physician-performed MSKUS in other specialties as a potential model for rheumatologist training; analysis of the present international MSKUS educational infrastructure; review and critique of the existing MSKUS training literature and consultation with expert practitioners.
A cross-sectional evaluation study was conducted amongst international expert rheumatologist and radiologist ultrasonographers in order to provide more information regarding practice, training and assessment in MSKUS as well as to seek opinions regarding a proposed training pathway for rheumatologists [22] .
This provided an interesting insight and highlighted differences in practice and confirmed that there was no unified approach to training or assessment. Most respondents identified participation in a formal training programme and a period of working with an expert practitioner as the most appropriate system of training. These data endorsed the aims of the project and corroborated the requirement for further educational research in order to inform the development of a relevant educational programme for rheumatologists.
Stage 2: Establish indications, anatomical areas and skills
The preceding analysis revealed an absence of any existing model on which to base an MSKUS educational programme for rheumatologists or any comprehensive published standards to act as a starting point for developing a system of training and assessment. Therefore, we sought to address a number of fundamental questions, namely to clarify the role of a rheumatologist ultrasonographer, and establish a consensus of those indications and anatomical areas that would be appropriate (or inappropriate) for scanning, together with the knowledge and skills that would be required to be deemed competent in MSKUS. To do this we recruited a panel of international experts in MSKUS. From an initial cohort of almost 60 experts, up to 40 were directly involved in the various stages of this project and comprised rheumatologist and radiologist ultrasonographers. All participants satisfied specific selection criteria, which included regular MSKUS practice, a track record of research and teaching and peer acknowledgement of their expert standing. It was assumed that this group of experienced professionals would be able to provide the most informed insights into practice and training as well as most appropriately address issues of competency and standard setting that would be raised during the course of this project. Established iterative Delphi methodology [23] [24] [25] was employed in order to determine consensus agreement, which resulted in the identification of a set of 'best practice' recommendations, specific to rheumatologists performing MSKUS [26] .
Stage 3: Establish competency standards
The panel of international experts were asked to define the minimum standards required by a rheumatologist to be judged competent in MSKUS. They reviewed 115 MSKUS skills identified in Stage 2 and rated their relative importance according to specific criteria. Subsequent analysis has resulted in consensus agreement regarding specific levels of competency required for the rheumatology skill-set and the development of a competency-based model of specific learning outcomes and standards for education and practice [27] . 
Stage 4: Assess clinical utility and learning motivation
At this point, consideration was switched from the imaging experts to the rheumatologists i.e. the intended recipients of training. As important stakeholders in this educational process, rheumatologists were asked to describe their attitudes towards performing MSKUS examinations. The educational programme needed to include skills that were useful to their daily practice and that they would be motivated to learn in order for training to be worthwhile. Therefore, we conducted a study of rheumatologists in order to assess the clinical utility and their learning motivation of acquiring the skills deemed important by imaging experts [28] , as well as assessing factors that may encourage or limit future dissemination of MSKUS skills amongst rheumatologists.
Stage 5: Integration of competency standards with clinical requirements
Competency standards from imaging experts were combined with clinical requirements and attitudes of rheumatologists with the aim of producing a balanced, clinically focused competency-based syllabus. In this way, the clinical need of rheumatologists and the competency standards of imaging experts have been acknowledged and important stakeholders have been engaged in the curriculum defining process. It was hoped that such ownership by all parties would increase the likelihood of an acceptable outcome which may improve future dissemination of skills.
Stage 6: Validation
A final validation phase was conducted whereby the integrated competency data and evolving educational outcomes were returned to the imaging experts for further review, reflection and comment. The experts were required to submit quantitative scores in relation to satisfaction (i.e. overall level of agreement) and appropriateness (i.e. suitability for routine rheumatology practice) as well as qualitative comments. Final modifications based on their critical appraisal completed the development of this competency-based framework. This culminated in the development of definitive competency-based educational outcomes (generic and pathology-based) in which levels of knowledge and skills have been divided into the specific categories, termed competency designations (Tables 1-4) .
The generic and pathology competency outcomes represent the evidence-based conclusions of the preceding six stages of this work with each MSKUS skill having been subject to iterative reflection and review by expert practitioners, culminating in consensus agreement. Table 3 is a key outcome of this work and depicts the rheumatology-specific MSKUS pathology competency outcomes and represents a blueprint, which shapes teaching and assessment in this section of the curriculum. The definition of each competency designation ('Core'; 'Option A: Intermediate'; 'Option B: Advanced') is outlined in Table 1 . These definitions are fundamental to the philosophy upon which the curriculum framework is based, reflecting engagement of relevant stakeholders and the assignment of appropriate clinical relevance by rheumatologists and standards of competency by imaging experts. It represents a practical hierarchy combining clinical utility with competency. For example, core skills denote key areas where possessing MSKUS competence may provide a clinical advantage in daily rheumatology practice as well as defining the minimum standard of proficiency one may expect in order to guarantee reliable practice and thereby patient safety. Conversely, advanced skills may be not so relevant to the routine practice of a rheumatologist, yet may be of interest in a particular setting, and may require an increased level of knowledge and expertise over and above what is normally expected. This uniquely tailored approach, promoting the acquisition of clinically relevant skills whilst paying due consideration to important competency standards should encourage learning and dissemination of MSKUS in an environment best suited to the specific requirements of the busy clinical rheumatologist.
Stage 7: The pilot curriculum
The results of the educational development process form the basis of a comprehensive rheumatology MSKUS educational curriculum document, which includes structured competency-based content, an educational strategy, a teaching and assessment plan and evaluation and quality assurance agenda (Fig. 2) . This is summarized as follows:
Content. The competency-based educational outcomes (Tables 1-4 ) represent the content of the curriculum. The proposed training programme is delivered via two interlinked educational processes in the form of an introductory course which aims to provide a uniform foundation for training, followed by an 'on-the-job' apprenticeship, which permits more diverse education and practice under the direction of a personal mentor. This provides key practical training opportunities with individual tuition and mentorship and comprises a series of core and elective modules as specified in the learning outcomes with the opportunity to select a unique training pathway comprising modules relevant to the individual practitioner.
Teaching. A variety of teaching approaches are utilized in order to maximize learning opportunities and provide the students with a balance of activities to suit their individual learning styles and requirements. These include a whole class lecture, small group tutorials, one-to-one teaching and self-directed learning. A variety of teaching tools have been employed including computergenerated slides and pictures; video and practical demonstration involving normal volunteers, patients and 'phantom' models; 'real' patients as part of an expert tutor's normal hospital practice; a comprehensive study guide to reflect the educational outcomes and provide a permanent educational resource. In addition, appropriate educational strategies comprising a spectrum of traditional and innovative approaches have been selected to deliver the goals of the programme.
Assessment. Assessment is an integral component of every curriculum. It not only drives learning by determining what
and how a student learns [29] but it is also essential to determine whether predetermined standards have been achieved. The assessment process thereby helps to establish whether the aims and outcomes of the educational programme are satisfied, the content of the curriculum is appropriate and the methods of teaching are effective. All trainees are subject to regular assessment in order to measure the acquisition and application of knowledge and the development of skills and practical performance as they progress through the programme. This is conducted using the principles of Miller's pyramid model for assessing clinical competence [30] . This paradigm subdivides competency into knowing (knowledge base), knowing how (problem-solving), showing how (demonstration) and doing. It is the assessment of doing that provides a measure of real day-to-day professional performance and can be tested by direct observation in the work place and portfolio. The key to valid and reliable assessment is wide sampling across content using a variety of techniques and different assessors (Fig. 2) . Such assessment is both summative and formative. Regular formative assessment is used as a method of constructive feedback for both teachers and students as part of an ongoing evaluation process. For the students this helps to guide further work by promoting learning through understanding by recognizing areas where the necessary requirements have been reached as well as identifying and motivating further study in areas of deficiency. For the teacher, this process may identify sections of the curriculum or teaching that require improvement. End-ofprogramme summative assessment determines whether the student has achieved the necessary predetermined standards and is competent in the practice of MSKUS. (This could be used to endorse a standard of performance and be recognized by appropriate certification.)
Stage 8: Implementation, delivery and evaluation A commitment to evaluation has been an integral part of the development process. Its purpose is to provide information to enable subsequent modification and improvement, a key part of any new and evolving educational venture. A variety of techniques have been utilized for this purpose (Fig. 2 ). An extensive evaluation has already been conducted as part of the implementation and delivery of the pilot programme [31] . This involved delivery of the pilot educational programme to a target audience and subsequent analysis in order to assess the effectiveness of the approach in terms of increased knowledge and skills, the efficiency of the teaching and learning process and any longterm change in behaviour as a result of the educational interventions [31] . Using this approach, we have already been able to resolve immediate practical issues including advance distribution of course material, standardisation of teaching sessions between tutors using an instructor training workshop and revision of the teaching programme to include a specific session on machine orientation. In addition, this exercise has provided validation data confirming the effectiveness and efficiency of the educational process. A further endorsement of this approach has been demonstrated by the positive effect of education in stimulating personal and institutional change, which has been sustained over time. Preliminary evidence has also been obtained of positive effects on patient outcome which provides powerful information to support the impact of our educational interventions. A curriculum committee as well as an evaluation and quality assurance infrastructure has been established to coordinate subsequent similar exercises. Clearly, continued regular review, re-evaluation and audit of the whole training and assessment process are essential as modification and updating may inevitably be required. As the programme evolves, monitoring of resource usage and measurement of cost-effectiveness becomes increasingly important.
Content

Discussion
Despite the undoubted popularity of MSKUS amongst non-radiologists, the established MSKUS practice by predominantly European rheumatologists and the increasing evidence base to support the use of MSKUS in areas of diagnosis, monitoring and intervention, there remain many educational challenges still to be addressed. Relevant unanswered questions include: for which indications should rheumatologist perform an MSKUS examination? What knowledge and skills do they require? What constitutes a competent ultrasonographer? How should they be trained? How do we ensure competency is achieved and maintained? This work has sought to provide some answers to these important questions and provide much needed evidence to inform the development of an educational infrastructure to facilitate the training of competent rheumatologist ultrasonographers. This has involved a systematic iterative process with each stage prompting reflection and re-evaluation as well as stimulating further study culminating in proposals for a framework of education and practice specific to MSKUS by rheumatologists.
A thorough appraisal of the educational literature prompted the choice of educational philosophy and methodology. The lack of established training infrastructure meant that considerable effort had to be made to develop a foundation of knowledge with which to inform the educational process. This represented the most resource-intensive part of the project. However, development of this curriculum framework corresponded with the philosophy of a competency-based methodology, as successful competency-based training requires a thorough process of identification of essential knowledge and skills required to perform a particular activity or else the procees is unlikely to be effective [21] . For this reason, this approach is justified, as it matches not only the goals of the project but also reflects the circumstances and environment in which this project has been developed.
Therefore, a large amount of work has been dedicated to assessing the specific needs of rheumatologists and identifying the particular MSKUS skills that they require in their clinical practice as well as the essential competency standards deemed necessary by imaging experts. Important stakeholders have been involved in this process, namely MSKUS experts who have proposed a consensus of competency standards, and rheumatologists who have ascribed clinical relevance to these skills. The resulting curriculum represents an appropriate balance of clinical utility and competency standards designed to specifically address the requirements of rheumatology MSKUS practice. It is hoped that such empowerment will encourage ownership and participation in MSKUS education and subsequent dissemination of skills.
Just as competence in a doctor (or rheumatologist ultrasonographer) is a sine qua non [32] , the same is true of clearly defined, properly researched and explicit learning outcomes with respect to an effective educational programme. A well-constructed outcome template shapes a curriculum, as all its component parts, such as teaching, assessment and competency standards are constructed with direct reference to this model. Therefore, this extensive research to develop accurate, evidence-based educational outcomes, which relate to essential competency standards, is justified and the resultant curriculum is a reflection of this process.
The curriculum has been constructed to promote accessibility and flexibility. This is important as busy clinicians only have a finite time and opportunity to learn new skills and as adult learners may wish to only acquire knowledge in areas directly relevant to their particular interest or practice. A modular approach has been used to facilitate this with numerous elective components enabling students to select their own unique training portfolio. This also provides opportunities to study subjects of particular interest in greater detail. However, some skills remain fundamental to the safe practice of MSKUS and these core requirements have been defined by experts and remain compulsory for all.
As more evaluation data are collected, it will be possible to further optimize the teaching and assessment tools and other educational resources as well as clarify timing of competency assessment. Reliability and validity of these methods will need to be measured. Other educational resources could be developed, in particular, taking advantage of computer and web-based technologies. This may be particularly useful during the 'on-the-job' apprenticeship, which would lend itself to a web-based distance learning approach particularly as trainees may lack peer group contact and be geographically isolated from each other.
Dissemination is a further challenge and integration of this educational framework into rheumatology practice is required to enable universal access to opportunities for training in MSKUS. This may be improved by establishing a network of approved training centres, although systems would have to be in place to ensure uniformity of practice and education. Dissemination may be further expedited by consensus approval amongst relevant interested parties on curriculum and training standards and subsequent formal endorsement by external authorities representing rheumatology (e.g. BSR, EULAR), radiology (e.g. RCR, BMUS, BSSR) and the Royal Colleges (e.g. RCP, RCR). Formal accreditation or licensing by such bodies would also provide additional credibility and authenticity. In addition, an organisation is required to direct training and assessment as well as coordinate continued professional development and address issues of ongoing training, revalidation and clinical governance.
We hope that this research has begun to address some of the significant educational challenges of rheumatologists performing MSKUS. A thorough, systematic accumulation of evidence and expert testimony has resulted in establishment of clear, realistic and justifiable competency standards and the development of a validated curriculum framework specifically for the education of rheumatologist ultrasonographers. Broad stakeholder agreement regarding the competency outcomes required for the specialist rheumatologist ultrasonographer will facilitate common standards of training and uniform professional practice. This comprehensive, iterative approach to curriculum development should provide a universal structure for the training and assessment of rheumatologists in MSKUS as well as benchmark principles that will facilitate future informed decision-making and constructive competency-based educational development. This should represent a significant step forward in this important emerging rheumatology subspecialty discipline as well as providing an appropriate governance framework.
